Purpose Major spine surgery with multilevel instrumentation is followed by large amount of opioid consumption, significant pain and difficult mobilization in a population of predominantly chronic pain patients. This case-control study investigated if a standardized comprehensive pain and postoperative nausea and vomiting (PONV) treatment protocol would improve pain treatment in this population. Methods A new regimen with acetaminophen, NSAIDs, gabapentin, S-ketamine, dexamethasone, ondansetron and epidural local anesthetic infusion or patient controlled analgesia with morphine, was introduced in a post-intervention group of 41 consecutive patients undergoing multilevel (median 10) instrumented spinal fusions and compared with 44 patients in a pre-intervention group. Results Compared to patients in the pre-intervention group, patients treated according to the new protocol consumed less opioid on postoperative day (POD) 1 (P = 0.024) and 2 (P = 0.048), they were mobilized earlier from bed (P = 0.003) and ambulation was earlier both with and without a walking frame (P = 0.027 and P = 0.027, respectively). Finally, patients following the new protocol experienced low intensities of nausea, sedation and dizziness on POD 1-6. Conclusions In this study of patients scheduled for multilevel spine surgery, it was demonstrated that compared to a historic group of patients receiving usual care, a comprehensive and standardized multimodal pain and PONV protocol significantly reduced opioid consumption, improved postoperative mobilization and presented concomitant low levels of nausea, sedation and dizziness.
Introduction
The frequency of spinal surgery has increased during the last decade, especially in patients aged 65 years and older [1, 2] . This includes multilevel instrumentation which is often associated with severe pain and consumption of large amounts of opioids thereby hindering postoperative mobilization and rehabilitation [3, 4] . Also, patients undergoing major spine surgery often suffer from pre-operative chronic pain, further challenging postoperative pain treatment [5, 6] .
Postoperative pain is the result of activation of different pain mechanisms, including nociceptive, neuropathic and inflammatory pains. Likewise, peripheral and central sensitization further contributes to the development of hyperalgesia with increased pain as a result.
Therefore, a balanced analgesic treatment addressing the different mechanisms represents a logical therapeutic approach [7] . A reduction in opioid consumption and opioid related side-effects is of special concern in this approach [8, 9] .
A number of studies have focused on pain treatment in spine surgery, but most studies have focused on primary degenerative conditions in the lumbar spine treated with discectomy, decompression and lumbosacral fusion [10, 11] . Since an increased number of major spinal procedures, including revision surgery can be anticipated, we found it of relevance to assess a multimodal pain treatment strategy in patients undergoing surgery requiring instrumentation on [3 levels.
Our hypothesis was that a comprehensive pain and postoperative nausea and vomiting (PONV) treatment regimen would reduce opioid consumption and improve postoperative mobilization, while maintaining low levels of side-effects. The aim of this study was to assess the effect of such a standardized regimen and to compare opioid consumption and postoperative mobilization with those of a pre-intervention control group.
Materials and methods
The study was carried out at the Spine Unit, Department of Orthopaedic Surgery, Rigshospitalet, Copenhagen University Hospital, Denmark. Adult patients scheduled for elective posterior instrumented fusion on[3 levels for nonmalignant and non-infectious conditions of the spine were included in the study.
Design
A new standardized pain and PONV treatment protocol was introduced from 1 January 2011. Consecutive patients receiving the standardized treatment protocol were monitored prospectively to document treatment effects. No randomization was done. According to The local Regional Ethics Committee guidelines in Denmark, no approval was needed. The study was approved by the Danish data protection agency (2008-41-2128).
Patients

Pre-intervention group
Data from 44 comparable patients operated from October 2009 through November 2010 were collected based on review of the medical records and electronic patient's medicine (EPM) files. Thus, a total of 44 patients undergoing similar procedures were included.
Post-intervention group
Data from 41 consecutive patients who received the new treatment protocol were registered prospectively from January 2011 to June 2011.
Intervention
All patients had general anesthesia with propofol and remifentanil. Controlled hypotension was employed and 2 g of tranexamic acid was administered intravenously immediately prior to the surgical procedure. All patients underwent posterior instrumented fusion with pedicle screws on [3 levels with a midline incision and subperiosteal exposure of the relevant levels. The primary indications for surgery were adult deformity or primary degenerative conditions. Postoperatively, patients were extubated and transferred to the postanesthesia care unit (PACU).
No modification of the standard mobilization program was introduced in the study period compared to the period for the pre-intervention data. Patients were trained daily by a physiotherapist except at weekends during which the patients were mobilized with help of the ward staff. The criteria for discharge were mobilization from bed to standing position, independent personal hygiene, and independent or assisted stair climb corresponding to one floor [12] .
A detailed description of the treatments in the pre-and post-intervention groups is provided in Table 1 . The new standardized protocol covered the handling of the patient from before surgery until discharge and was intended for all patients. However, patients with regular opioid consumption [100 mg morphine (eq.)/day, had the following adjustments: IV morphine dose before the end of surgery was 0.4 mg/kg, S-ketamine 0.03 mg/kg/h was continued for 72 h; prolonged release morphine at the discontinuation of either the epidural or the PCA treatment was substituted by increasing the patient's usual opioid dosing with 50 %/day.
Endpoints
The primary endpoint was opioid consumption (oral morphine eq.) on postoperative days (POD) 1-6. Secondary endpoints were number of days until the patients could be mobilized from bed and until the patients were able to walk with and without a walking frame, numeric rating scale (NRS) pain score (0 = no pain and 10 = worst pain imaginable) at rest and during mobilization on POD 1-6, levels of side-effects (nausea, sedation and dizziness) on POD 1-6 and postoperative length of stay (LOS) at the PACU and at the surgical department.
Data collection
Data for patients in the pre-and post-intervention treatment protocol were tracked and collected from the anesthesia, the PACU, and the patient and nurse records, as well as the EPM files. All patients answered a pre-operative Short Form (36) Health Survey (SF-36) [13] questionnaire assessing health-related quality of life. Data of mobilization were collected from the physiotherapists' record. Furthermore, data from patients in the post-intervention protocol were supplied with a scheduled assessment on POD 1-6 at 9 AM. Patients were interviewed by one of the authors about their NRS pain (0-10) at rest and during mobilization (from side to side in bed) and about the intensity (none, mild, moderate, severe) of nausea, dizziness and sedation for the previous 24 h.
For statistical comparisons, the oral morphine equivalent dose was calculated based on the following oral ratios: oxycodone (2:1), ketobemidone (2:1), tramadol (1:10), fentanyl (100:1) and methadone (5:1). For IV opioid consumption a 1:1 ratio was used for morphine, oxycodone and ketobemidone. Comparison of opioid consumption on POD 1 and 2 was only done in patients without a PCA device [group pre-intervention: n = 31 (POD 1) and n = 33 (POD 2); group post-intervention: n = 27 (POD 1 and 2)] because of lack of data regarding infusion.
Patients with a dura lesion requiring bed rest for more than 24 h postoperatively are not included in mobilization data (group pre-intervention: n = 1; group post-intervention: n = 3). Furthermore, patients in whom no data about walking ability were available at discharge or transferral to another hospital were considered able to walk without a walking frame for either the day of discharge or for 1 day after the day of transfer to another hospital.
Statistical methods
Data are presented as medians with interquartile range (IQR) or minimum/maximum. P \ 0.05 was considered statistically significant. The Mann-Whitney U test for unpaired data was used to compare differences between groups for morphine consumption on POD 1-6, levels of mobilization and LOS at the PACU and the surgical department. Bonferroni correction for multiple comparisons was performed on data of morphine consumption and mobilization at the surgical department. Numerical values were attributed to verbal scores of pain, nausea, sedation, and dizziness (none = 1; mild = 2; moderate = 3 and severe = 4). Categorical data were compared with Fischer's exact test. Calculations were performed using SPSS 17 for Windows (SPSS, Chicago, IL). The authors did all statistical analysis.
Results
From January 2011 to June 2011, 41 consecutive patients receiving the post-intervention protocol were included in the study and were compared to a pre-intervention group of 44 patients. The baseline demographics and clinical characteristics were similar between groups (Table 2) . Also, no significant differences in SF-36 scores between the two groups could be demonstrated. In all patients, the indication for surgery was spinal deformity or a degenerative condition requiring posterior instrumentation on [3 levels.
Opioid consumption and pain on POD 1-6
Morphine administration (oral eq.) was significantly 
Pain scores and side-effects
Due to inconsistency of pain and side-effect data in the pre-intervention group, comparison between groups was not possible. Instead, data are presented for the postintervention group only based upon morning assessments on POD 1-6. Median NRS pain at rest was 3-5, and during mobilization 5-7 for the first 6 postoperative days ( Table 3) . The median intensity of nausea for the first 6 PODs ranges from 0 to 1 (Table 3) . PONV treatment was administered in 17-21 % of the patients on POD 1-6. In general, the reported median levels of sedation and dizziness were 1 on POD 1-6, corresponding to a verbal level of mild sedation or dizziness (Table 3) .
There was no significant difference in the 1-year revision rate because of pseudarthrosis in the two groups. Two patients in the pre-intervention group were re-operated because of postoperative hematoma; none in the postintervention group.
There were no postoperative infections in neither of the groups assessed by prolonged perioperative antibiotics and/ or revision surgery due to infection. All patients had a bladder catheter for the duration of the epidural pain treatment, and no patients had urinary retention after removal of the bladder catheter.
Length of stay at the PACU and surgical department LOS at the PACU was significantly reduced for the postvs. pre-intervention group: 270 (173-353) vs. 345 (240-480) min (P = 0.007).
In the pre-intervention group, 64 % of the patients were discharged to home vs. 66 % of the patients in the postintervention group. The remaining patients were transferred to another hospital for convalescence. LOS was not significantly different between groups: 9 (IQR 6.3-10.8) (pre-intervention group) vs. 7 (IQR 5-10) (post-intervention group) days (P = 0.39) ( Table 2 ).
Discussion
In this study, we have reported the effect of a comprehensive multimodal analgesic and anti-emetic treatment protocol in a population of patients undergoing major spine surgery and compared to those of a historic group receiving usual care. Compared to a historic pre-intervention group, postoperative morphine consumption was reduced together with improved mobilization and with concomitant low intensities of nausea, sedation and dizziness for POD 1-6.
To our knowledge, the present study is the first to report a possible effect on pain treatment and mobilization from a Fig. 2 a-c Mobilization ability as the percentage of patients achieving a fixed endpoint: mobilization from bed, walking with a walking frame and walking without a walking frame. The ability to be mobilized from bed (P = 0.003), as well as walking with (P = 0.027) and without (P = 0.027) the help of a walking frame was significantly improved in the post-intervention group receiving the new multimodal pain treatment protocol multimodal pain treatment strategy involving acetaminophen, NSAIDs, gabapentin, dexamethasone, S-ketamine and epidural pain treatment or PCA morphine in patients undergoing major spine surgery. There is no consensus on the term ''major spine surgery'' and it is sometimes used synonymously with ''complex spine surgery''. Some authors define complex procedures based on the surgical approach or fusion on more than two disk levels [14] . In other studies, multilevel thoracolumbar procedures with instrumentation and fusion qualify as ''complex spine surgery'' [5] . In the present study, the median number of instrumented levels was 10 and a considerable number of patients underwent pedicle subtraction osteotomy. We find that this reflects the complexity of the procedures and therefore, qualifies as ''major spine surgery''. The terms ''mobilization'' and ''discharge criteria'' are poorly defined in the literature on spine surgery. Although length of hospital stay is often used as an outcome variable, the criteria are not always described in detail or standardized [15] . Other studies use mobilization criteria corresponding to the ones used in the present study requiring the patients to be able to transfer and ambulate before discharge [16] . This corresponds to the criteria used in the assessment of fast-track surgery in hip and knee replacement [17] . Since postoperative mobilization and LOS are closely related parameters, we suggest that a detailed description of discharge criteria is required in future studies including these outcome variables to allow comparison of results reported in the literature.
Other studies have focused on pain management related to spinal surgery. This includes the beneficial effect of epidural steroid after lumbar discectomy [18] and from locally applied methylprednisolone in patients undergoing mixed lumbar surgical interventions [19] . The efficacy of glucocorticoids as part of multimodal postoperative pain treatment in different surgical procedures has recently been reviewed [20] demonstrating reductions in both pain scores and morphine consumption. Likewise, Lunn et al. [21] showed that IV methylprednisolone 125 mg after total knee arthroplasty improved analgesia and promoted recovery. Neither of the studies reported on serious complications, especially wound infection, from the use of a single dose of glucocorticoids, but calls for further largescale studies on safety issues.
The employment of NSAIDs in a surgical population with a high risk of developing pseudoarthrosis can be questioned as it is speculated that NSAIDs may impair bone formation [22] . The debate is ongoing, but it has recently been demonstrated that ketorolac did not predispose to pseudoarthrosis in an adolescent idiopathic scoliosis surgical population [23] . Likewise, Dodwell et al. [24] reviewed NSAID for postoperative pain treatment in seven high-quality retrospective studies in spine surgery and did not find an increased risk of pseudoarthrosis from shortterm NSAID use during a 12-month follow-up period. On the other hand, NSAIDs have demonstrated significant analgesic properties with reduced need of opioids followed by reduced levels of PONV [25] . Thus, we included treatment with ibuprofen until discharge as part of the standard treatment protocol. One year follow-up revealed a similar incidence of re-operation for pseudoarthrosis in the two groups, and no increase in postoperative hematoma in the post-intervention group.
This study has several limitations. First, it is not a randomized blinded trial, which may introduce bias, especially with the historic nature of the data in the control group. However, both the pre-and post-intervention data were collected at well-defined time periods, where the surgical treatment principles and discharge criteria in the department did not change. Second, inconsistency of data is of great concern as most data were tracked from patient and nurse records and especially, data on pain and side-effects in the pre-intervention group was scarce. Therefore, we only have pain and side-effect data in the post-intervention group. Third, the calculation of a morphine equivalent parameter from different opiates with different pharmacokinetic and pharmacodynamic profiles may be questioned. Fourth, comparison of opioid consumption on POD 1 and 2 was only done in patients without a PCA device because of lack of data from this device. This reduces our number of Table 3 Postoperative pain scores and levels of side-effects at 9 AM in the post-intervention group patients on these days and may result in wide IQRs. Fifth, we do not have information on pre-operative pain scores and mobility of the two study groups and therefore cannot tell if the groups were comparable on these points. However, based on the pre-operative SF-36 scores, the healthrelated quality of life was equally affected in the two groups. Sixth, some patients in the pre-intervention group lacked data after discharge or transfer on when they stopped using a walking frame, causing uncertainty on this point. Overall, this non-randomized and non-blinded study serves as a hypothesis-generating pragmatic description of the results from the implementation of a comprehensive treatment protocol in a population representing a daily clinical challenge and may serve as an inspiration for further investigation in this population. Such studies are warranted since a future increase in complex spine surgery is likely, challenging the request for treatment modalities that can decrease perioperative morbidities like immobilization and pain.
Conclusion
In this study of patients scheduled for multilevel spine surgery, it was demonstrated that compared to a historic group of patients receiving usual care, a comprehensive and standardized multimodal pain and PONV protocol significantly reduced opioid consumption, improved postoperative mobilization and presented concomitant low levels of nausea, sedation and dizziness. The study may serve as inspiration for future randomized studies in this population.
